Certain environmental contaminants such as polyhalogenated aromatic hydrocarbons may be implicated in diseases of the vasculature by compromising normal functions of vascular endothelial cells. We have shown previously that 3,3,4,4-tetrachlorobiphenyl (PCB 77), an aryl hydrocarbon (Ah) receptor agonist, can cause disruption of endothelial barrier function. This was supported by an increase in oxidative stress as measured by enhanced 2,7-dichlorofluorescein (DCF) fluorescence and activation of the oxidative stress-sensitive transcription factor NF-B. We have now tested the protective effects of antioxidants vitamin E (␣-tocopherol) and pyrrolidine dithiocarbamate (PDTC) on endothelial cell activation induced by PCB 77. Only vitamin E completely blocked PCB 77-mediated endothelial barrier dysfunction. This protective effect by vitamin E was associated with a decrease in both oxidative stress, as measured by DCF fluorescence, as well as in NF-B activation. Furthermore, vitamin E decreased PCB 77-mediated production of the inflammatory cytokine IL-6. Although pretreatment of endothelial cells with PDTC prevented the induction of NF-B by PCB 77, this inhibition was not associated with a decrease in DCF levels or protection against endothelial barrier dysfunction. Pretreatment with ␣-naphthoflavone (␣-NF), an Ah receptor partial antagonist and specific inhibitor of cytochrome P450 1A, partially protected against PCB 77-induced endothelial barrier dysfunction. This observation was paralleled by the fact that ␣-NF did not fully antagonize the PCB-induced increase in DCF in endothelial cells. Furthermore, PCB-mediated induction of NF-B and production of IL-6 were only partially blocked by ␣-NF. Of all the tested compounds (vitamin E, PDTC and ␣-NF), vitamin E was most potent in blocking PCB 77-mediated endothelial cell activation. These data give an insight into the potential use of vitamin E and related antioxidants to limit PCB-mediated cell injury and into the use of ␣-NF to explore mechanisms underlying the injurious potential of Ah receptor agonists.
Evidence suggests that the mechanisms of vascular diseases such as atherosclerosis involve damage to the endothelium, which then reduces its effectiveness as a selectively permeable barrier to plasma components (Flarahan, 1992; Ross, 1993) . The endothelium interacts with the blood and underlying tissues, serves as both a pro-and anti-thrombotic surface, and releases regulatory factors important in modulating vascular tone. Thus, the vascular endothelium plays an active role in physiological processes such as hemostasis, regulation of vessel tone, and vascular permeability. Factors implicated in the pathogenesis of atherosclerosis, thrombosis, and peripheral vascular diseases include chronic and cumulative metabolic alterations of the endothelium induced by certain lipids, prooxidants, inflammatory cytokines, and environmental contaminants such as polyhalogenated aromatic hydrocarbons. These risk factors may contribute to an overall cellular imbalance of the oxidative stress/antioxidant balance, thus leading to chronic activation or stimulation of the endothelium as well as to damage of vascular tissues. Maintenance of endothelial integrity is critical not only for protection against the above stated adverse metabolic activities, but also for the performance of normal barrier function in order to limit the entry of plasma components such as cholesterol-rich lipoproteins into the vessel wall.
There is evidence that certain environmental contaminants such as polychlorinated biphenyls (PCBs) or 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), can cause vascular endothelial cell dysfunction (Hennig et al., 1999; Stegeman et al., 1995; Toborek et al., 1995) . Endothelial cell dysfunction by PCBs can lead to an inflammatory response (Narayanan et al., 1998) , which is a critical event in atherosclerotic lesion formation. Thus, exposure to PCBs and related polyhalogenated compounds may contribute to the pathology of cardiovascular disease (Hay and Tarrel, 1997; Smith et al., 1982) . PCBs and related highly persistent, lipophilic, and hazardous substances are widespread pollutants. Typical serum levels of PCBs in Americans are several parts per billion (Jensen, 1989) , whereas people who experience acute exposure to PCBs will have serum levels beyond 1 ppm. Background levels in adipose tissue are much higher, with levels in the ppm range (Robinson et al., 1990) . Numerous environmental contaminants and their metabolites may remain in the blood circulation for extended time periods. Endothelial cells are thus vulnerable to chemical insult, which can lead to severe endothelial cell dysfunction.
Several studies suggest that a critical underlying mechanism of PCB-mediated endothelial cell activation and dysfunction is an increase in cellular oxidative stress (Hennig et al., 1999; Machala et al., 1998; Narayanan et al., 1998; Oakley et al., 1996; Smith et al., 1995) . There is also evidence that suggests that the oxidative stress induced by specific environmental contaminants, i.e., polyhalogenated aromatic hydrocarbons as PCB 77 or TCDD, is due to the interaction of these compounds with the aryl hydrocarbon (Ah) receptor and activation of the cytochrome P450 1A subfamily (Alsharif et al., 1994; Hennig et al., 1999; Toborek et al., 1995) .
Little is known about mechanisms by which environmental chemicals alter endothelial cell metabolism, and especially how PCB-mediated cell dysfunction can be prevented or blocked. There is evidence that the cellular antioxidant defense, and in particular the cellular level of vitamin E, is depressed after exposure to PCBs (Hennig et al., 1999; Saito et al., 1990; Toborek et al., 1995) . Furthermore, supplementing diets with vitamin E or the hypocholesterolemic/antioxidant drug probucol can protect against the PCB-mediated oxidative stress and observed adverse tissue changes (Kawai-Kobayashi and Yoshida, 1986; Yamamoto et al., 1994) . These studies suggest that antioxidant nutrients can downregulate diseasepromoting and cytotoxic mechanisms of specific environmental contaminants.
As a result of experimental evidence provided by us and others Stegeman et al., 1995; Toborek et al., 1995) , we hypothesize that the oxidant/antioxidant environment can greatly influence endothelial cell dysfunction mediated by specific PCBs such as PCB 77, i.e., PCBs that are 3-methylcholanthrene-type cytochrome P450 inducers and aryl hydrocarbon (Ah) receptor ligands. In addition to vitamin E, we also studied the effect of ␣-naphthoflavone (␣-NF) on PCB-mediated endothelial cell activation. ␣ -NF, an Ah receptor partial antagonist, can inhibit microsomal metabolism of PCB 77 (White et al., 1997) . Because the activation of the oxidative stress-sensitive transcription factor NF-B is a critical event in an endothelial inflammatory response, we also studied the effect of PDTC (a potent and specific inhibitor of NF-B) on PCB 77-mediated endothelial cell activation.
MATERIALS AND METHODS
Cell culture and experimental media. Endothelial cells were isolated from porcine pulmonary arteries and cultured as previously described (Hennig et al., 1984) . Cultures were verified as endothelial cells by uniform cobblestone morphology and by quantitative determination of angiotensin-converting enzyme activity or by their uptake of fluorescent-labeled acetylated low-density lipoprotein (LDL; Molecular Probes Inc., Eugene, OR). The basic culture medium consisted of M199 (GIBCO Laboratories, Grant Island, NY) containing 10% bovine calf serum (BCS; HyClone Laboratories, Inc., Logan, UT). The experimental media were composed of M199 enriched with 5% BCS and PCB 77 (3,3Ј,4,4Ј-tetrachlorobiphenyl). The PCB was solubilized in DMSO and used at a concentration of 3.4 M. This level was chosen because it reflects serum concentrations after exposure to PCBs (Jensen, 1989; Wassermann et al., 1979) . In separate experimental settings, cultures were first pre-enriched for up to 24 h with either vitamin E (␣-tocopherol, 25 M), PDTC (50 M), or ␣-NF (100 nM), followed by cotreatment with PCB for up to 24 h.
During our preliminary studies we found that these concentrations of vitamin E, PDTC, and ␣-NF were highly effective in protecting against PCBinduced alterations in endothelial cell metabolism. For example, vitamin E at a concentration of 10 M only partially protected against PCB-mediated increase in cellular oxidative stress. We also determined that 50 M PDTC was the lowest concentration to effectively inhibit PCB-mediated NF-B activation. Finally, ␣-NF at the concentration range of 10 nM to 1 M acts as an Ah receptor antagonist . In contrast, ␣-NF at higher concentrations (e.g., 10 M) can stimulate this receptor (Santostefano et al., 1993) .
Synthesis of the PCB. PCB 77 was synthesized from 3,3Ј-dichlorobenzidine, as described by Schramm et al. (1985) . The PCB was purified by Florisil (Macherey-Nagel, Düren, Germany) and Alumina (Aluminium oxid 90, Merck, Darmstadt, Germany) chromatography and recrystallization from methanol. Structural assignments were confirmed by nuclear magnetic resonance spectrometry and mass spectroscopy.
Endothelial barrier function (albumin transfer studies).
Endothelial barrier function was measured as transendothelial albumin transfer using polystyrene chambers with a 0.8-m pore size polycarbonate membrane (Millipore Corporation, Bedford, MA) according to the method of Hennig et al. (1984) . After approximate confluence, endothelial monolayers were exposed to control or PCB-enriched media or media first pretreated with vitamin E, PDTC, or ␣-NF, followed by coexposure to PCB for 24 h. Following treatments, chambers with endothelial cells attached to the membranes were washed with M-199 and exposed to 200 M bovine serum albumin (fatty acid-free, Sigma Chemical Company, St. Louis, MO) in M-199 for 1 h. After incubation with albumin, the albumin transferred across endothelial monolayers was determined using bromcresol green (Sigma) and recorded spectrophotometrically at 630 nm.
Measurement of oxidative stress. The effects of treatments with vitamin E, PDTC, ␣-NF, and/or PCB 77 on cellular oxidation were determined by DCF fluorescence as described earlier by Mattson et al. (1995) . This measurement of cell oxidation utilizes a new imaging technique based on the conversion of 2Ј,7Ј-dichlorofluorescin into fluorescent 2Ј,7Ј-dichlorofluorescein as a result of activation with oxygen reactive species, primarily peroxyl radicals and peroxides. After treating endothelial cells with PCB for 12 h, cells were loaded with 100 M 2,7-dichlorofluorescin diacetate (Molecular Probes, Inc., Eugene, OR) by incubation for 50 min. Some cultures were first pretreated with vitamin E, PDTC, or ␣-NF, followed by coculture with PCB 77 for up to 12 h. Before analysis for oxidative stress, cells were washed three times in Hanks containing 10 mM HEPES buffer. Imaging studies employed a confocal laser scanning microscope (MolecularDynamics, Sunnyvale, CA) coupled to an inverted microscope (Nikon).The dye was excited at 488 nm, and emission was filtered using a 510-nm barrier filter. The intensity of the laser beam and the sensitivity of the photodetector were held constant to allow quantitative comparisons of relative fluorescence intensity of cells between treatment groups. Values for average staining intensity per cell were obtained using the Imagespace software supplied by the manufacturer (MolecularDynamics) Toborek et al., 1996) . Nuclear extracts and electrophoretic mobility shift assays. Nuclear protein extracts from endothelial cells were prepared according to the method of Dignam et al. (1983) , and an electrophoretic mobility shift assay was performed using a commercially available kit from Promega Corp. (Madison, WI). Nuclear protein extracts (5 g) were incubated with 16 fmol of 32 P-endlabeled 22-bp oligonucleotide probe, with the B enhancer DNA element containing a tandem duplicate of an NF-B binding site (5Ј-AGTTGA GGGGACTTTCC CAGGC-3Ј). The mixture included 2-3 g of poli (dI-dC) in a binding buffer, and incubation took place at room temperature for 20 min. The resulting DNA protein complexes were resolved on a 5% nondenaturing polyacrylamide gel. For these studies, cells were exposed to experimental media for up to 6 h.
Measurement of cytosolic IB and p65. Endothelial cells were grown until confluent on 60-mm plates, and cytosolic extracts were prepared and then electrophoresed as described by Sambrook et al. (1989) . Briefly, cell monolayers were harvested by scraping, washed in cold PBS, and incubated in 200 L lysis buffer (10 mM HEPES, pH 7.9; 1.5 mM MgCl 2 , 10 mM KCl, 0.5 mM dithiothreitol (DTT), 0.5 mM phenylmethanesulfonyl fluoride (PMSF), 1 g/mL leupeptin, 1 g/ml pepstatin, 1 g/ml leucine thiol, 0.1 % Nonidet P-40) for 15 min on ice. The crude nuclei were then collected by microcentrifugation and the supernatants (cytosolic extracts) were collected and stored at -70°C. Cytosolic extracts were electrophoresed on 10% SDS-polyacrylamide gels and transferred to nitrocellulose in 25 mM Tris, 192 mM glycine, 20% methanol at 370 mA for 1.0 h (IB) and 1.5 h (p65) at 4°C. Western blots were analyzed for IB-␣ and p65. The proteins for IB-␣ and p65 were probed with rabbit polyclonal antibodies against IB-␣ and p65 (isotype IgG; Biotechnology, Santa Cruz, CA). Antibodies were diluted 1:500 in blocking buffer. Immunoreactive proteins were detected according to the enhanced chemiluminescence protocol (ECL Western blotting detection reagents; Amersham Life Sciences, Piscataway, NJ) using 1:2000 horseradish peroxidase-conjugated anti-rabbit IgG secondary antibody. Blots were exposed to a film for 30 min.
Interleukin-6 production. After experimental treatments, media were removed from the wells and frozen immediately at -80°C until interleukin 6 (IL-6) analysis. The remaining cells were trypsinized and washed with phosphate-buffered saline (PBS) twice and resuspended in 0.2% SDS with 0.2 M NaOH for protein analysis (Lees and Paxman, 1972) or washed with PBS and stained with trypan blue to determine cell viability. Each experimental group was done in triplicate and total protein as well as cell viability was measured. IL-6 production and release into the medium were determined using the murine hybridoma cell line B9 (kindly supplied by Dr. L.A. Aarden, Emeryville, CA) as described by Helle et al. (1988) . Viability of the B9 cell line is IL-6 dependent. Thus, the incorporation of 3 H-thymidine by growing cells was a reflection of the quantity of IL-6 produced by endothelial cells. The final IL-6 concentration was determined from the standard curve, where 8 pg IL-6/ml media corresponds to 12.6 ϫ 10 7 units/mg recombinant IL-6.
Statistical analysis. The data were analyzed using SAS (Statistical Analysis System). Comparisons between treatments were made by one-way ANOVA with post hoc comparisons of the means made by Fischer's least significance difference method (Snedecor and Cochran, 1974) . Statistical probability of p Ͻ 0.05 was considered significant. Figure 1 shows the effect of cellular incubation with PCB 77 or pretreatment with vitamin E, PDTC, or ␣-NF, followed by coexposure to PCB, on endothelial barrier function. Compared to control cultures, exposure to PCB 77 significantly increased albumin transfer across endothelial monolayers. Pre-enrichment of endothelial cells with vitamin E completely blocked PCB 77-mediated endothelial barrier dysfunction. Similar to vitamin E, but less marked, pretreatment with ␣-NF significantly protected against PCB-mediated endothelial barrier dysfunction. In contrast, cellular pretreatment with PDTC did not exhibit such protective properties. Albumin transfer across endothelial monolayers was not affected by pretreatment alone with either ␣-tocopherol (1.5 Ϯ 0.3), PDTC (1.6 Ϯ 0.4), or ␣-NF (1.4 Ϯ 0.3), compared to control cultures (1.7 Ϯ 0.2).
RESULTS
The effect of the PCB and pretreatment with vitamin E, PDTC, or ␣-NF on oxidative stress were determined by DCF fluorescence. Figure 2 demonstrates that PCB 77 can contribute to a marked increase in cellular oxidative stress. Preenrichment of endothelial cells with vitamin E completely blocked the PCB-mediated elevation in DCF fluorescence. Similar to the permeability data (Figure 1) , pretreatment with ␣-NF partially protected, whereas PDTC did not protect at all against PCB 77-mediated oxidative stress. DCF values were not affected by pretreatment alone with either ␣-tocopherol (59.1 Ϯ 10.5), PDTC (62.7 Ϯ 21.8), or ␣-NF (48.6 Ϯ 9.1), compared to control cultures (60.1 Ϯ 4.0).
Evidence suggests that oxidative stress can affect cellular metabolism by increased expression of genes regulated by NF-B. To test whether vitamin E, PDTC, or ␣-NF can protect against PCB 77-induced activation of NF-B, endothelial cells were pretreated with vitamin E, PDTC, or ␣-NF before coexposure for an additional 6 h to PCB 77 (Figure 3 ). Compared to control cultures, PCB 77 activated NF-B, with the highest activation at approximately 6 h. Both vitamin E and PDTC markedly decreased NF-B binding induced by PCB77. In contrast, a less enhanced decrease in NF-B binding was observed when cells were first treated with ␣-NF followed by coexposure to the PCB. Compared with control cultures, pretreatment alone with either ␣-tocopherol, PDTC, or ␣-NF had little or no effect on NF-B activation.
IB-␣ specifically binds to the RelA subunit of NF-B, thereby sequestering this transcription factor in the cytoplasm, and rendering it transcriptionally inactive. Consequently, presence of IB-␣ in the cytoplasm can be indicative of inactivation of NF-B. In contrast, decreased levels of IB-␣ may suggest activation and nuclear translocation of NF-B. Figure  4 shows that IB-␣ levels were lower in PCB-treated cells and markedly elevated in cultures that were first pretreated with vitamin E or PDTC. Compared to control cultures, IB-␣ levels were not affected by vehicles for PCB (DMSO) or vitamin E (EtOH), or by pretreatment with vitamin E, PDTC, or ␣-NF alone (data not shown). Similar results were observed with cytoplasmic p65. Figure 5 shows IL-6 production in endothelial cells during PCB exposure and pre-enrichment of cultures with vitamin E, PDTC, or ␣-NF prior to PCB exposure. These data show that PCB 77 has inflammatory properties by promoting endothelial cell-mediated production of IL-6. Pretreatment with vitamin E completely blocked PCB-mediated IL-6 production, whereas cellular pretreatment with ␣-NF provided partial protection. Cell exposure to PDTC prior to treatment with PCB resulted in nondetectable proliferation of B-9 cells, i.e., IL-6 production (data not shown). This may have been due to a persistent inhibition of NF-B by PDTC, which can lead to downregulation of IL-6 expression and release into the media by endothelial cells.
FIG. 3.
Effect of cellular incubation with PCB 77 or pretreatment with vitamin E, PDTC, or ␣-NF, followed by coexposure with PCB, on activation of NF-B. Cells were exposed to either PCB 77 (3.4 M) for 6, or first pre-enriched with vitamin E (25 M), PDTC (50 M), or ␣-NF (100 nM), followed by coexposure to PCB for 6 h. 
FIG. 4.
Effect of cellular incubation with PCB 77 or pretreatment with vitamin E, PDTC, or␣-NF, followed by coexposure to PCB, on cytosolic p-65 and IB levels. Cells were exposed either to PCB 77 for 6 h, or first pre-enriched with vitamin E, PDTC, or ␣-NF, followed by coexposure with PCB. 
DISCUSSION
There is evidence that PCBs and other related environmental contaminants can be implicated in atherosclerotic lesion formation, which can lead to accelerated death due to cardiovascular disease (Bell et al., 1994; Gustavsson and Hogstedt, 1997; Hansen, 1990; Hay and Tarrel, 1997; Lovati et al., 1984; Smith et al., 1982) . These polyhalogenated aromatic hydrocarbons and their metabolites are widespread and highly persistent, lipophilic, and hazardous substances, and can remain in the blood circulation for extended time periods and thus be in intimate contact with the vascular endothelium. The vascular endothelium is clearly involved in regulating early events in atherosclerosis, and activation or dysfunction of endothelial cells are critical risk factors in the pathology of cardiovascular disease. In addition, damage to the endothelium can reduce its effectiveness as a selectively permeable barrier to plasma components (Flarahan, 1992; Ross, 1993) . PCBs have the potential of disrupting endothelial integrity and endothelial permeability, which could allow increased uptake of cholesterol-rich lipoprotein remnants into the arterial wall.
Little is known about mechanisms of PCB-mediated endothelial cell dysfunction, but there is mounting evidence that an increase in cellular oxidative stress may be a critical underlying mechanism responsible for PCB-mediated cell or tissue injury (Hennig et al., 1999; Machala et al., 1998; Narayanan et al., 1998; Oakley et al., 1996; Smith et al., 1995) . In particular, we have shown that PCBs that are Ah receptor agonists can activate vascular endothelial cells by contributing significantly to cellular oxidative stress (Hennig et al., 1999; Toborek et al., 1995) . This increase in oxidative stress was correlated with an increase in cytochrome P450 1A activity and protein expression (Toborek et al., 1995) . Induction of cytochrome P450 1A1 or 1A2 may lead to generation of reactive oxygen species (Schlezinger et al., 1999; Stohs, 1990 ) and thus exert cell injury. There is strong evidence that the vascular endothelium may be one of the major sites of PCB-mediated induction of cytochrome P450 1A1 (Farin et al., 1994; Stegeman et al., 1995) , and that these enzymes play important roles in determining metabolic fates of circulating protoxicants.
We also have evidence that dietary fats, especially oils rich in unsaturated fatty acids such as linoleic acid, can significantly contribute to cellular oxidative stress and to a decrease in antioxidant potential and thus can provide an environment in which these lipids can amplify cellular susceptibility to a PCB insult (Hennig et al., 1999) . Therefore, one may speculate that both the increased levels of cytochrome P450 1A isozymes and the lipid environment contribute to the generation of reactive oxygen species and their propagation in endothelial cells exposed to PCBs. Our evidence suggests that PCB-mediated oxidative stress and endothelial cell dysfunction are specific for PCBs (e.g., PCB 77), which bind to the Ah receptor and which induce cytochrome P450 1A. On the other hand, PCB 153, which did not disrupt endothelia l barrier function (Toborek et al., 1995) , is an inducer of cytochrome P450 2B, and it is not a ligand for the Ah receptor (Bandiera et al., 1982; Parkinson et al., 1983) . Thus, our data strongly indicate the importance of oxidative stress and the involvement of the Ah receptor in PCB-mediated endothelial cell dysfunction. To support this hypothesis, it was demonstrated that there was a strong correlation between cytochrome P450 1A and endothelial cell activation or injury in TCDD-mediated edema and cardiovascular dysfunction (Cantrell et al., 1996; Guiney et al., 1997) .
In the present study we also present compelling new evidence that the PCB-mediated increase in oxidative stress can lead to activation of the oxidative stress-sensitive nuclear transcription factor-B (NF-B), to downregulation of IB-␣, and to increased production of inflammatory cytokines such as IL-6. Downregulation of cytosolic IB-␣ stimulates nuclear translocation of the active NF-B complex, which is associated with decreased levels of cytosolic p65 as shown in Figure 4 . NF-B is involved in the regulation of gene expression coding for endothelial leukocyte adhesion molecules, such as vascular cell adhesion molecule (VCAM-1) and endothelial leukocyte adhesion molecule-1 (ELAM-1). The transcriptional activation of these genes may induce adhesiveness of the endothelial cell surface to circulating leukocytes and consequently stimulate their trans endothelial migration. This process is believed to be one of the earliest events in the development of atherosclerosis, and inflammatory cytokines such as TNF or IL-6 are critical in FIG. 5. Effect of cellular incubation with PCB 77 or pretreatment with vitamin E, PDTC, or ␣-NF, followed by coexposure with PCB, on IL-6 production in endothelial cells. Cultures were exposed to control media or media enriched with PCB 77 (3.4 M) for 24 h, or pre-exposed to vitamin E (25M) for 24 h or to ␣-NF (100 nM) for 4 h, followed by coexposure to PCB 77 for an additional 24 h. Values are means Ϯ SEM(n ϭ 6). *Significantly different from control cultures. #Differences statistically different from cultures treated only with PCB 77. triggering these events. Moreover, NF-B is the critical transcription factor that regulates the inflammatory cytokine network (Collins, 1993) . Stimuli known to activate the NF-B complex include TNF, IL-1, and lipopolysaccharide, with the common denominator apparently being reactive oxygen species (Baeuerle, 1991; Collins, 1993) . Furthermore, expression of the gene encoding for IL-6 is regulated by NF-B. The significant presence of IL-6 in atherosclerotic arteries strongly suggests the involvement of this cytokine and inflammatory events in the initiation and progression of atherosclerosis (Rus et al., 1996; Seino et al., 1994) .
Our data suggest that environmental contaminants such as PCBs can potentiate inflammatory cytokine-mediated dysfunction of vascular endothelial cells and thus the overall inflammatory response in atherosclerosis. Because of the critical involvement of oxidative stress in mechanisms of PCB-mediated endothelial cell activation and dysfunction, we were interested if antioxidants such as vitamin E or PDTC could block the PCB 77-mediated cell toxicity. Only vitamin E completely blocked PCB 77-mediated oxidative stress and endothelial barrier dysfunction, suggesting unique protective properties of this nutrient against toxic effects of certain environmental contaminants. Vitamin E is the only significant lipid-soluble, chain-breaking type of antioxidant present in human blood and all cellular membranes (DiMascio et al., 1991; Machlin and Bendich, 1987; Niki, 1987; Offermann and Medford, 1994) . Primary functions of vitamin E are to terminate lipid peroxidation chain reactions generated by free radicals, particularly in membranes that are rich in polyunsaturated lipids, to regulate cell proliferation, and to stabilize cell membranes. These protective actions of vitamin E could have major implications in preventing vessel wall injury and atherosclerotic lesion formation (Janero, 1991) .
Although PDTC did not block oxidative stress and PCBmediated endothelial barrier dysfunction, PDTC significantly inhibited PCB-mediated activation of NF-B. It is thus not clear if the specific PDTC-mediated inhibition of NF-B activation provides cell protection. It is likely that complete and persistent blockage of NF-B can lead to delayed cell growth and to apoptotic cell death (Chen et al., 1999) , whereas inappropriate activation of NF-B is usually linked to inflammatory events (Collins, 1993) . There is evidence that the Ah receptor may not be involved in TCDD-mediated apoptosis in human leukemic T-cell lines (Hossain et al., 1998) . However, other studies suggest that TCDD-mediated apoptotic cell death coincides with TCDD-induced expression of cytochrome P450 1A (Cantrell et al., 1998) . Thus, PCBs may be cytotoxic by contributing either to apoptotic and/or necrotic cell death. Necrosis is a common outcome following an inflammatory response, and exposure to PCB 77 may mainly lead to cell death by necrosis (Piechotta et al., 1999) . Our data clearly support the hypothesis that PCB 77, and possibly all environmental contaminants that function as Ah ligands, can contribute to an endothelial cell inflammatory response mediated mainly by an imbalance of the cellular oxidant/antioxidant status. Furthermore, we were able to demonstrate that ␣-NF, an Ah receptor antagonist and specific inhibitor of cytochrome P450 1A, can partially block PCB77-mediated oxidative stress, the activation of NF-B, and production of inflammatory cytokines (e.g., IL-6), as well as PCB-mediated endothelial barrier dysfunction.
In summary, there is clear evidence that cardiovascular dysfunctions including pervasive edema, i.e., endothelial barrier dysfunction, are critical events in the developmental toxicity of environmental contaminants that function as Ah ligands, such as TCDD (Peterson et al., 1993; Guiney et al., 1997) . Data from the present study support the hypothesis that certain PCBs, especially those isomers and congeners in which halogens are present in the meta and para positions of biphenyl, may be atherogenic by altering the integrity of the vascular endothelium to act as a barrier to macromolecules. The fact that vitamin E can block PCB-mediated endothelial cell activation suggests that PCB-mediated cellular perturbations are linked closely to the overall oxidative/antioxidant status of the vascular endothelium. These findings suggest that diets high in antioxidant nutrients may protect against diseases of the vasculature, e.g., cardiovascular disease, which can be triggered by exposure to specific environmental contaminants.
